Abstract The amount of animal manure produced in Flanders-Belgium by intensive animal farming generates a surplus that needs to be treated in order to achieve quality objectives set by the Nitrates Directive (91/676/ EEC) and the European Water Framework Directive (2000/60/EU). After the physical separation and biological nitrification/denitrification processes, the liquid fraction of manure can be cost-efficiently and effectively treated by constructed wetlands (CWs). However, current discharge criteria limits do not evaluate whether nutrient loads from specific point sources (such as CWs) affect the water quality of their receiving waterway. Thus, we investigated whether a site-specific analysis, based on local environmental conditions, would yield more relevant discharge thresholds. In the present study, a standardized framework was developed for environmental impact assessment (EIA) of effluents from CWs on the water quality of receiving watercourses. This framework was tested as a case study on a manure treatment installation located in Langemark-Belgium. The effect of different impact scenarios on water quality and flow of the effluent and the receiving waterway was studied. Standardized EIA guidelines and sensitivity analyses were applied to determine the expected impacts of total nitrogen (TN), total phosphorous (P), chlorides (Cl − ) and sulphates (SO 4 2− ) on the receiving watercourse. From this study, we concluded that the methodology currently applied requires adaptation when assessing the discharge from wetlands as current estimations of impact are overly conservative when compared with actual impact. In addition, results showed that expected impact might be mitigated by differentiating discharge limits between dry and wet periods.
Introduction
In Flanders, pig farming is one of the major agricultural activities, accounting for 60 % of all farming turnover (Mulier et al. 2013) . The intensification, combined with the decreasing availability of farmland, led to an enormous manure surplus. From the 1960s to the 1990s, excessive amounts of nutrients were found in the Flemish soils, and due to leaching, eutrophication of the surface water occurred (Bomans et al. 2005; Cronk 1996) . The Flemish Manure Decree foresees in the implementation of the EU Nitrates Directive, aiming for the participation and action of the government and farmers to reduce the nitrogen surplus. In consequence, manure has to be treated and disposed of via a suitable manner to meet the standard limits for soil, surface water and groundwater according to the EU Nitrates Directive 91/676/EEC and the European Water Framework Directive (WFD) 2000/60/EU. According to the midterm review of the fourth action programme of Flanders for the Nitrates Directive, the objective is to reduce the number of monitoring stations that exceed 50 mg NO 3 − /l to a maximum of 5 % of the monitoring stations within a period of 7 years (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) . Great progress in NO 3 − reduction has been made during the last 4 years.
However, thresholds are still being exceeded by 4 % of freshwater rivers with a catchment area exceeding 50 km 2 and transitional waters, together with 26 % of small watercourses, specifically influenced by agriculture. (Flemish Environment Agency (VMM) 2013).
Research and development on manure processing has indicated that the best available technique for dealing with a local nutrient excess in Flanders is to separate the pig slurry into a thin/liquid fraction and a thick/solid fraction (Meers et al. 2008; Conrad and Lotta 2010) . The liquid fraction is subsequently treated in a wastewater treatment system (nitrification/denitrification) and post-treated in constructed wetlands (CWs) prior to its discharge in the surface water or its reuse.
The use of CWs for tertiary treatment of piggery manure as technological innovation was demonstrated at field-scale level by Meers et al. (2008) . The purification of the manure liquid fraction occurs across the CWs by means of microorganisms, periphyton and plants. For manure processing installations, the discharge criteria are set at maximum 15 mg/l total nitrogen (TN), 2 mg/l total phosphorus (TP) and 35 mg/l suspended solids (SS) (Boets et al. 2011) . Additionally, nutrients and oxygen-binding substances such as biological oxygen demand (BOD) and chemical oxygen demand (COD) should be considered. According to the European Commission in its EIA guidelines TN, TP, BOD and COD are the main contributors for surface water pollution coming from agricultural activities. In 2012, the Groundwater Directive 2006/118/EC demanded for special attention of chlorides (Cl − ) and sulphates (SO 4 2− ) and stated that member states must have set a threshold value for each pollutant considering the characterization of all water bodies to be at risk within the territory in relation to each pollutant (Hulsmann and Smeets 2013) . Hence, reducing the concentrations of Cl − and SO 4 2− in the discharged effluent from CWs has become a new challenge for farmers to treat their wastewater.
Currently, every EU member state is obliged to periodically monitor and meet the water quality standards, to follow the legislation and measures established on the basis of an integrated program for water management (Oenema 2004 ). However, misconceptions and different implementation methods of action programs and good agricultural practices amongst the EU member states have restricted a successful assessment of water pollution. Van Grinsven et al. (2012) and Jakobsson et al. (2002) suggested that limits should be defined based on a scientific evaluation, field data and case-specific characteristics of the study area in contrast to a uniform limit, which could sometimes limit agricultural activities.
The aim of this study was to develop a standard framework to assess the impact of effluents from CWs discharged in the receiving watercourses and to determine whether a site-specific analysis, based on local environmental conditions, would yield more relevant discharge thresholds. A manure processing installation with CWs was chosen as test case. The water quality of the receiving watercourse (upstream, downstream) and of the effluent was determined based on physico-chemical variables. Afterwards, the impact of the effluent on the receiving watercourse was calculated. To evaluate the effects of seasonal changes leading to fluctuating flows and pollution levels, a sensitivity analysis of predicted impacts by TN, TP, Cl − and SO 4 2− was carried out. Different simulated flow values and concentrations of the receiving watercourse and the effluent were considered. Finally, possible discharge ranges for the studied variables before an impact is encountered were defined.
Material and Methods

Description of the Study Area
The study was performed at an existing manure treatment installation located in Langemark, West Flanders, Belgium, that has been operating since 2008. The installation includes a primary or separation treatment, a secondary or biological treatment and finally a tertiary treatment based on the CW. After the secondary treatment, the liquid fraction of manure enters the first pond of the CWs. Then, it flows through a series of reed beds and percolation fields; finally, the treated effluent ends in a natural watercourse, The Broenbeek. This multi-bed system, with a surface area of 0.5 ha, consists of ten bed/ lagoons and has the capacity to treat 5000-7500 m 3 of pig manure per year. A schematic representation of a CW installation can be found in Meers et al. (2008) . The Broenbeek is an unnavigable watercourse and part of the 'IJzerbekken' (Vandenberghe and Vanbelle 2010) . According to the Flemish Regulations for Environmental Permits (VLAREM II), the watercourse is classified as a second category watercourse with a run-off area smaller than 100 ha.
Environmental Quality Standards
The VLAREM II specifies the legal environmental quality standards for the receiving waterways (European Parliament 2000) . Table 1 , presented in Online Resource 1, represents the target environmental quality standards for the receiving waterways. It considers the typology of the watercourse and the discharge standard limits for manure installations (Meers et al. 2008 ). In the current study, the receiving waterway typology is classified as 'freshwater polder watercourse' (Department LNE 2011) .
Impact Assessment Framework
First, the actual conditions of the effluent and the water quality upstream and downstream were determined by measuring the concentrations of the following water quality variables: pH, conductivity (EC), total suspended solids (TSS), TN, TP, Cl − and SO 4 2− . However, for impact assessment, only TN, TP, Cl − and SO 4 −2 were considered in the analysis. Surface flow data were provided by the VMM. Three case scenarios, average, worst and real case, were contemplated to determine the impact of the effluent on the watercourse. Then, a sensitivity analysis was performed to study the possible impact when the effluent is discharged at increased flows, fluctuating surface flows and varying nutrient (TN, TP, Cl − and SO 4 2− ) concentrations at each sampling location. At the end, suggestions on the limits of discharge ranges were provided to farmers and policy makers. To that end, the impact of the effluent, given the design and location of the CW, was assessed.
Determination of Water Quality of the Receiving
Watercourse 'The Broenbeek' and the CW Effluent During a period of 4 months (November-December 2012 and February-March 2013), monthly samples were collected at three different locations: the effluent from the CW, upstream and downstream of the Broenbeek. Different variables (pH, EC, SS, TN, TP, Cl − and SO 4 2− ) were measured to determine the water quality at the three different locations. An Orion Model 520 pH meter, priory calibrated with buffer solutions of pH 4 and 7, was used for the pH determination. Similarly, a LF 537 conductivity electrode was used to measure the conductivity. Suspended solids were determined by the weight difference of Porafil membrane filter with a pore size of 0.45 μm. Before and after filtering the water samples, the filters were dried at 105°C and weighed on an analytic balance. Total nitrogen was determined using a modified Kjeldahl procedure (Van Ranst et al. 1999) . Moreover, the total phosphorous content was determined using the ISO 6878: 2004 water quality method for determination of total phosphorous (Nieven et al. 1998) . To this end, a calibration curve of 0, 0.1, 0.2, 0.4, 0.6 and 0.8 ppm was prepared to calibrate the absorbance in function of TP concentration. The standards and water samples were measured at a wavelength of 882 nm using a Jenway 6400 spectrophotometer (Barloworld Scientific T/As Jenway, Felsted, UK). Finally, chlorides and sulphates were determined by ion chromatography technique using a Methrom 761 Compact Ion Chromatograph (Methrom Ion Analysis, Switzerland).
Flow Rate Determination of the Receiving Waterway
Currently, flow rate measurements are not conducted by any authority on unnavigable watercourses, and there is no gauging station at the study site. Thus, data on modelled surface flows for the Broenbeek were used for the calculations. The data were provided by the VMM-Department of Operational Water, who use the hydrological probability-distributed moisture (PDM) model for this aim. According to Moore (2007) , it is a general purpose, lumped, conceptual rainfall-run-off model which transforms rainfall and evaporation data to flow at the catchment outlet. The model formulation is based on a probability-distributed moisture store, translation of run-off and drainage via routing stores. It has been designed to work with long records of flow and rainfall. In-depth analysis of the model is described in Moore (2007) .
The provided surface flow (m 3 /day) corresponded to the period 2005-2013. The flow was calculated using interpolated and validated rainfall data from several nearby gauging stations. For instance, in the station on the Martjevaart in Langemark (L01_497), water velocity is regularly determined providing accurate flow measurements; whereas in the nearby station in Merkem on the Martjevaart (L01_496), water levels are measured and rating curves are used to calculate the surface flow. From both measurements, surface flow data was derived.
Direct Effluent Measurements
Discharged effluent volumes from the CW were monitored and registered monthly throughout the period March 2012-March 2013. The flow rates were measured with an irrigation water meter (ZENNER International GmbH & Co. Serie WI-ZF) ( Table 2 ).
Impact Assessment Simulations
This paper presents an impact assessment method based on European Environmental Guidelines. These were adjusted to national level in order to apply the environmental standard limits exposed in the VLAREM II for the assessment. The aim was to calculate the concentration rise, being the expected concentration increase downstream of the effluent discharge for the variables under study. The concentration rise is expressed in mg/l and depends on surface and effluent flows as shown in the following equation:
With: ) with simulated concentration rises downstream. To calculate the impact of the effluent, the maximum allowable discharge volume of 13.7 m potential evapotranspiration. To simulate dry period conditions, the 10th percentile of the estimated surface flow values was taken into account. The calculated surface flow value was 2592 m 3 /day. Similarly to the average case scenario, the fixed values were the effluent flow and regulatory standard limit values, see Online Resource (Tables 1 and 2 ). The impact of the effluent from the CW during heavy rain events leading to high discharge and surface flows was not precisely calculated since no impact under these conditions is expected. This is explained by the fact that a decrease in nutrient concentrations is estimated under the mentioned conditions, since high rainfall events would produce a dilution of nutrient concentrations in the stream. Generally, the buffer capacity of wetlands could support a surplus of rain water. However, only if a heavy rainfall event resulted in a flooding of the entire area (including the waterway and the entire wetland system), wastewater coming from the rest of the system could enter the waterway. In the present case study, the hydrological communication between the last pond and the rest of the wetland occurs via active pumping (directed via PC-PLC) and not via overflows. Moreover, the current paper focuses on EIA of discharge water, and the applied models are not suitable to assess flooding events. In any case, a dilution effect of the effluent concentrations would be evidenced due to the increased surface flow in such an extreme surge or flooding, thus, a decrease of the impact. For each scenario, the environmental standards for freshwater polder watercourses were used to calculate the percentage of the concentration rise (Eq. 2), see Online Resource Table 1 . Based on the fact that the receiving waterway under study has low water quality conditions, a similar impact assessment for the three case scenarios was performed considering a receiving waterway with good water quality. The values for TN, TP, Cl − and SO 4 2− representing upstream concentrations of a watercourse with a good water quality were selected from the dataset provided by the Flemish Environmental Agency (VMM), and they are shown in Online Resource, Table 3 . However, flow, discharge concentrations and standard values were considered similarly as the onsite impact assessment.
To assess the significance of the simulated impact on the water quality of the receiving watercourse, the assessment framework based on Online Resource Table 4 was applied (Department LNE 2011) . The impact code determined by the combination of X% and Y% goes from no contribution (0), limited contribution (−1), relevant contribution (−2), to significant contribution (−3). For higher Y% values, the tolerance towards additional increases for X% progressively decreases. This is a reflection of the principle that when a given variable or pollutant is closer to the environmental capacity, the more stringent an assessment and corresponding impact will be.
Sensitivity Analysis
In order to visualize the impact of the effluent on the receiving waterway under drought conditions and to compare it with an average case scenario, a sensitivity analysis was carried out. Estimated values were given for each variable from Eq. 1; whilst one variable was allowed to vary, the others were kept fixed at the average value.
Results
Following the impact assessment framework, initially the water quality of the receiving watercourse and the discharge were determined (Table 1) . Then, the mean monthly surface water flows were defined, and the measurements of consecutive monthly discharge flows were registered (Table 2) . Afterwards, the impact of the effluent on the receiving watercourse under average, worst and real case scenarios was estimated (Tables 3,  4 and 5). Similarly, the resulting impact of the effluent discharged into a receiving waterway with good water quality was shown in Tables 6, 7 and 8. Finally, a sensitivity analysis was performed.
Water Quality of the Receiving Watercourse and the CW Effluent
Neutral to moderate alkaline pH values were measured in the water samples taken upstream and downstream of the receiving waterway and in the discharged effluent (Table 1) . Elevated conductivity values, observed in the discharge, were five to six times higher than the upstream concentrations, indicating its importance from an EIA perspective. In comparison with the discharge limits for manure installations and water quality standards for fresh polder watercourses, the amount of suspended solids in the effluent and the receiving stream were low. However, in the waterway, total nitrogen and total phosphorous concentrations were on average four and nine times higher than the standards, respectively. In contrast, values ranging between 3.5 to 8.5 mg TN/l and 0.2 mg TP/l in the effluent proved that lower concentrations than the maximum limits have been discharged in the watercourse (Table 1) .
Water Flow of the Receiving Watercourse and the CW Effluent
In the present study, seasonality was considered important for EIA at a site-specific location. Data provided by the Flemish Environmental Agency (VMM), as shown in Table 2 , indicated that during autumn and winter, surface flow values of the stream were about two to three times higher than in spring and summer. Hence, flow fluctuations of the watercourse are important when the effect of the effluent on the receiving watercourse is determined. In contrast, effluent discharge flow rates did not show a specific tendency regarding seasonality. The lowest discharge flows were recorded during autumn and winter, whereas in summer and spring, these were 1.3 times higher.
Impact Assessment Simulations
Two scenarios for impact assessment were calculated as it is stipulated in the standardized EIA guidelines under the Flemish legislation: the average case scenario and the worst case scenario (focused on dry periods). In addition, a real case scenario was added. Water quality values used for the calculations are indicated in Online Research studies show that maximum allowable discharge limits are set as 10 times the environmental quality standards (Dutta 2011; Hering et al. 2010) . Hence, the 200 mg Cl − /l and 150 mg SO 4 2 limits for fresh polder watercourses were taken into account.
Average Case Impact
The calculation showed that the contribution of the discharge into the receiving waterway was relevant (−2), except for TN whose impact has no contribution (0). Upstream concentrations were 786, 77 and 87 % higher than the standards for fresh polder watercourses, in the case of P, Cl − and SO 4 2− , respectively. Downstream of the discharge, the average concentration, due to the effluent, increased with 1.4 % for P, 1.2 % for Cl − and 1 % for SO 4 2− (Table 3) .
Worst Case Impact
Impact assessment for the worst case scenario clearly showed that under extreme drought conditions or very low flow rates, relevant and significant impact contributions would be observed ( /day, which is much lower than the 2592 m 3 /day considered in the calculations for worst case scenario. Evidently, worst case conditions could occur in reality during dry periods; therefore, the estimation of impact under these environmental conditions was performed. Results showed that a relevant contribution (−2) would be expected for all the variables under study. The upstream TN concentration was 400 % higher than the environmental quality standard. Conversely, the estimated concentration rise downstream was 2 % which demonstrates that even at drought conditions, the discharged concentrations of TN will not have relevant effects on the water quality of the receiving watercourse. On average, the discharged concentration is very close to the upstream concentration, and thus, the expected concentration rise was minor.
Similarly, results showed that a relevant contribution (−2) could be expected in the case of TP, SO 4 2− and Cl. Downstream expected rise in concentrations were 8 % (TP), 5 % (SO 4 2− ) and 7 % (Cl − ). These contributions could be explained by the high concentration values present in the watercourse, compared with the allowable discharge standards considered as the effluent concentration (see Online Resource Table 1 ).
Real Case Impact
Since average and worst case scenarios tend to overestimate impacts, a third assessment scenario was included based on actual measurements. During the 4 months of field measurements, no impact was determined by the effluent discharged in the receiving waterway. In general, the discharged concentrations were lower than those measured in the receiving watercourse. This fact is supported by the high Y% values and low X% values (Table 5) .
Sensitivity Analysis
The estimation of different values for each of the variables of Eq. 1 resulted in a set of possible discharge concentration ranges to prevent relevant or significant impacts on the receiving waterway. The water quality and discharge flow rate of the effluent, as well as surface flow variations of the receiving watercourse, were considered for the analysis.
Impact With Varying Discharge Concentration
The average and the worst case scenario curves were plotted between the 10 and 20 % thresholds of the relative concentration rise (Fig. 1) . It can be seen that even if the discharged effluent had concentrations that are two to three times the legal discharge standard, the impact of the effluent would not reach the 10 or 20 % threshold limits under the average case scenario. However, as the impact assessment is determined by the water quality upstream, the performed sensitivity analysis showed that relevant impacts would be observed at effluent concentrations of 40 mg/l TN, 
Impact With Varying Monthly Mean Surface Flow
The average impact with varying surface flow was calculated and plotted based on the mean monthly modelled flows (m 3 /day) for the Broenbeek from 2005 till 2013 (Fig. 2) . In these figures, for the worst case scenario, we considered the 10th percentile of the surface flow modelled data. It was seen that the calculated mean monthly surface flow values fluctuated between <864 m 3 /day the minimum to 39,744 m 3 /day the maximum during the period from 2005 to 2013. Values between 3456 and 39,744 m 3 /day were predicted during rainy periods (autumn and winter), whereas values between <864 and 25,920 m 3 /day were predicted during dry periods (spring and summer). Some exceptions were noticed in the years [2005] [2006] [2007] 2010 and 2012 during the months of July and August when extreme summer storms occurred and resulted in an increase of the mean surface water flow.
Results indicated that relevant and significant impacts could be expected for TP when the surface flow 
Impact With Varying Discharge Flow Rates
An effluent discharge flow range between 13.7 and 54.8 m 3 /day was used to consider the actual treatment capacity of the installation and a higher allowable discharge value, respectively. Considering existing CWs, the 54.8 m 3 /day or 20,000 m 3 /year represents the observed upper limit for wastewater installations in Flanders treating animal manure to dischargeable levels using CWs. Based on urban planning regulations, manure treatment facilities could be allowed to discharge 60,000 m 3 /year; nevertheless, for the calculations in this study, the upper limit of 20,000 m 3 /year was considered given that the amount of land required to treat this volume roughly corresponds to a 2 ha CW, which represents the size of the largest wetland installations located in Flanders. On the other hand, the effluent concentration, the Broenbeek surface average flow, the 10th percentile flow and the environmental quality standards were the fixed values (Fig. 3) .
Results showed that relevant impacts were observed under the average case scenario. Similar to the impact calculation under varying surface flow values, the elevated concentrations of TN upstream mitigated the effect of the effluent in the watercourse. Relevant impacts could be expected after the discharge flow rate increases to 37 m 3 /day. However, for the case of the other variables, relevant contributions (−2) could be expected at discharge flow rates lower than 13.7 m 3 /day.
Overall, results showed that based on the sensitivity analysis, allowable discharge ranges could be proposed to prevent any impact. An average surface flow for the watercourse of 7952 m 3 /day in dry periods (summerautumn) and 19,696 m 3 /day during rainy periods (winter-spring) were considered based on the provided data by VMM. Since the average surface flow is two and a half times higher in rainy periods than during dry periods, we propose different discharge criteria. An effluent of 20 m 3 /day could be discharged during rainy periods, whereas 10 m 3 /day would be the maximum discharge flow in dry periods in order to compensate for flows and prevent risks during dry periods. Taking into account the existing discharge limits, for the average case scenario, a range of 15 to 30 mg TN/l in dry periods and 15 to 38 mg TN/l in wet periods could be allowed. Therefore, it can be inferred that the current discharge criteria of 15 mg/l is sufficiently protective. For the case of TP regarding the actual conditions of the receiving waterway with an average TP concentration of 1.1 mg/l, the allowable discharge limits became more stringent. For dry and wet periods, the discharge concentrations could range between 1 to 1.3 mg P/l. However, actually observed discharge levels are far below the allowable limit with average discharge values <0.2 mg P/l, meaning that in practice, this variable does not threaten the quality of the receiving waterway. In case of Cl − , concentrations less than 1450 mg/l in dry periods and 1850 mg/l in wet periods could be allowed. Finally, in case of SO 4 2− , concentrations less than 1150 mg/l in dry periods and 1375 mg/l in wet periods could be discharged.
Discussion
Analysis of the Current Standardized EIA Guidelines
The present study supports the idea that even though general water quality standards have been set, considering biological parameters, hydromorphology, chemical water quality and specific pollutants, there is a need for site-specific standards based on the local environmental conditions (Jirka et al. 2004 ). There are two different control mechanisms to control discharges in the environment: the emission limit values (ELV) and the environmental quality standards (EQS). Jirka et al. (2004) states that the first approach limits the pollutant loadings by restricting the concentration for the mass flux of specific pollutants, though it does not take into account the water quality of the receiving waterway. Thus, cumulative discharges would increase the concentration of pollutants into the watercourse, and the impact would not be properly assessed. The second approach determines the maximum concentration values that could be encountered in the water body considering its physical, chemical and biological conditions. Consequently, the water quality of the watercourse is safeguarded, but discharges (in this case from CWs) cannot exceed the standards, and frequent monitoring of the sampling points is needed to meet the criteria set by the directives.
If these control mechanisms are separately considered, the impact assessment does not sufficiently reflect the real impact of discharged effluents. According to Jirka et al. (2004) , it is better to use a 'combined approach' where the ratio between the ELV and EQS would describe the impact of pollutants on the ecosystem. On one hand, the ELV would prevent acute (lethal) effects on organisms, while on the other hand, the EQS would counteract long-term chronic impacts. Additionally, the ratio shows the required dilution that has to be reached through physical mixing, biological decay or chemical reactions. Similar to the approach proposed by Jirka et al. (2004) , in the present study, the assessment framework compares the upstream nutrient concentrations with the EQS, whereas the effluent concentrations are controlled based on the ELV and compared with the EQS.
Based on the existing standardized guidelines, the relative concentration rise (X%) of each variable under study was calculated. Currently, the predicted concentrations downstream are always expected to increase (X%>0 by definition) regardless the actual concentration of the effluent. However, under certain circumstances (i.e. when the discharge water quality is better than the surface water for a given variable), this effluent can lead to the decrease of concentrations downstream. In this case, according to the standardized guidelines, X% becomes positive and represents a relative concentration reduction (Department LNE 2011) . Nevertheless, it is important to note that the lack of a clear explanation of how X% should be calculated and interpreted according to the existing framework generates the need of developing an analogous one. In such cases, the expected impact downstream of the discharge point should be defined based on specific target values for the surface water under study and compared against the upstream concentration values, rather than solely consider an X% (always>0).
Another aspect to consider in the current standardized EIA guidelines is that the 10 and 20 % limits of the relative concentration rise downstream, as well as the 50 and 75 % limits for the divergences between upstream concentrations and the EQS were set based on literature, similar to other research studies carried out by Dutta (2011) and Hering et al. (2010) . Consequently, the EQS control mechanism weakens since there is a lack of knowledge of site-specific location conditions, the points in the watercourse where the standard values should be applied and the method to determine the impact of existing or new discharges (Jirka et al. 2004; D'Arcy and Frost 2001) . Nevertheless, if in an impact assessment the biological indicators and hydromorphological aspects are incorporated to define the location of control points and frequency of control, the legal environmental and discharge standards could be subject to change, regarding the real state of the site-specific area under study.
Impact Assessment Simulations
In this study, three scenarios were considered to simulate a system. By analysing the interaction between the effluent and the surface flow, the resulting impact on the water quality of the receiving watercourse could be defined. For the average case scenario, we assumed that the effluent and the waterway flow would remain relatively stable and high during rainy periods. In contrast, for the worst case scenario, we estimated that during dry periods, the surface water flow would approximately decrease a 10th percentile of each monthly average value from the dataset. However, it is important to highlight that to follow the actual guidelines in the average case scenario, the maximum discharge concentrations were the ones taken into account to define the impact of the effluent. For the worst case scenarios, the effective 10th percentile of the surface flow should be calculated on a daily basis. Additionally, the effect of heavy rainfall events was evaluated. The study showed that the impact of the effluent discharged into a receiving waterway with increased flow velocity would be minimal due to the dilution of nutrient concentrations as well as the high stream surface flow. In the existing methodology, the assessment of the effluent's impact under heavy rainfall or flooding events has not been studied. Hence, for its estimation, the increase of the flow throughout the system, the surrounding area and of the stream should be considered. In fact, even though upstream concentrations (Y%) would significantly decrease, the driving factor that would determine the decrease in impact is the surface flow.
In consequence, by including a real case scenario in the developed EIA framework, we could have a broad understanding of the impacts that the discharged effluent could cause on the receiving waterway considering the actual discharge concentrations and surface flow values. Consequently, with the study of the three case study scenarios, safety measures could be proposed. However, the challenge to define accurate discharge range standards for dry periods is in fact limited by the estimation of the 10th percentile of the watercourse flow, since optimal estimations should consider daily measurements. Moreover, the study of the real case scenario clearly showed that the impact of the effluent was mainly influenced by the high background concentrations in the stream originating from intense agricultural practices and other anthropogenic activities. Thus, we assessed the impact when the stream concentrations would be much lower or when no anthropogenic activities are evidenced. Measured concentrations of streams with a good water quality in Flanders were used to assess the effect of the discharge on rivers with no impact from agriculture As a result, the increased percentage of upstream concentrations compared to the environmental quality standards (Y%) would be much lower. In the case of the average case scenario, for the case of TN, the impact would null; for TP, there could be a limited contribution (−1) whereas Cl − and SO 4 −2 would result in a relevant contribution (−2), as it is shown in Table 6 . Parallel, for the worst case scenario, relevant contributions (−2) would be expected except for TP, which would minimally increase resulting in a limited contribution (−1) as indicated in Table 7 . However, the estimation of the real case scenario showed ( Table 8) that no contribution or impact could be expected due to the good water quality of the effluent coming from the CW.
Sensitivity Analysis
By performing a sensitivity analysis, we could see how each variable under study would respond when varying its input value while the discharge flow is kept fixed and the surface flow is related to dry or rainy periods. Table 9 presents the measures that could result in differentiating discharge concentrations to reduce predicted impacts based on seasonal changes. As a result, we derived a different approach to effectively estimate concentration ranges in which the effluent could be discharged without causing a negative impact on the receiving waterway. We propose to calculate the concentration rise downstream (X%) based on concentrations rather than mass load increases. The concentration of each variable under study upstream and the surface flow should be compared with the concentration of the effluent downstream and its discharge flow. As such, first, the actual concentration downstream is defined, and subsequently, it is compared with the environmental quality standards.
Additionally, by means of the sensitivity analysis, the inconsistency of the thresholds limits set in the existing framework was proved. It was seen that in average cases although, high concentrations or high discharged effluent flows were considered, the relative concentration rise downstream remained below 10 or 20 % thresholds (Figs. 1, 2 and 3) . Based on this approach, the measured impacts could be overestimated based on the discharge limits, which are set for effluents coming from CWs. Flemish rivers and waterways are exposed to various external pressures such as population, industry or other agricultural activities (Everaert et al. 2013; Wall et al. 2011) which are not considered in the current assessment framework as the main reason of the resulting impact. Then, standard discharge values become too stringent for the effluents given the lack of understanding and knowledge of the environmental and water quality conditions of the specific case studies. Everaert et al. (2013) support this idea by stating that managers lack predictive tools to help them decide how they can most effectively allocate the limited resources for ecological restoration or to determine the water quality standards. Impact assessment and threshold values should consider the correlation with the ecological, physical-chemical and hydromorphological on site conditions to estimate relevant concentration rise (X%) limits.
Mitigating Measures
Based on the impact assessment results, mitigating measures could be planned and implemented to control nutrient loads and to reach the targets set by the European WFD (2000/60/CE). The upcoming deadlines imposed by the EU WFD have brought major interest on the study of point-source treatment facilities, in order to know their relative importance and to establish priorities in mitigation management policies (Torrecilla et al. 2005) . To prevent risks, some mitigating measures could be, for instance, buffering the effluent in dry periods and discharging this reserve at accelerated rates during wet periods. In this way, an increase of the concentrations in the receiving waterway could be prevented. According to Torrecilla et al. (2005) , mitigating measures must address climatological and hydrologic conditions of the watercourses, which determine their flow, physical and chemical conditions and which significantly change on a seasonal basis. As proven by the impact assessment simulations, impacts were higher when the effluent was discharged into the watercourse at low flows. Campling et al. (2008) acknowledged that rainwater harvesting could be considered as a mitigation measure as long as environmental and financial impacts are not a burden. In a wastewater treatment installation with CWs, as described in the present case study, rainwater harvesting could be a possible mitigating measure since the land availability allowed the implementation of a reservoir. The harvested water could be used to reduce the most negative impacts by flow compensation during dry periods. Also, as indicated by Meers et al. (2005) , evapotranspiration losses in the growing season can result in upconcentration of certain compounds, for instance, chloride and sulphate. This might negatively affect water quality at the discharge point since this up-concentrated effluent also coincides with reduced water flow in the receiving waterway during spring and summer. A proposed and adopted mitigating measure consists of compensating evapotranspiration losses during this period. In this latter approach, one needs to safeguard that the volume of effluent discharge, increased with rainwater to compensate for evapotranspiration losses, does not exceed the influent volumes fed to the wetland. This axiom as stipulated by Meers et al. (2005) obviously functions to safeguard against the dilution principle: One may not add volumes of water with the intent to reduce concentrations to below discharge limits. Given the fact that Cl − and SO 4 2− were determined at the highest concentrations amongst the variables of interest and represent a concern for the Groundwater Directive 2006/118/EC, alleviating the up-concentration of these variables through the proposed measure could be considered in the EIA basis. Looking at the opposite approach when heavy rainfall events occur, the proposed mitigating measure would be to incorporate a buffer or reserve pond within the system. A continuous control of the water level, performed by incorporated sensors in each pond, would avoid overflows from the CW. It is expected that the excess of water in each pond is pumped to the reserve pond, which is normally empty so that the effluent is discharged at controlled rates, and thus, flush phenomena would be avoided.
Conclusions
In conclusion, the proposed standardized framework emphasizes that to meet the EU environmental legislation as well as to safeguard agricultural productivity, two main approaches have to be considered. First, the combined approach proposed in the WFD where ELV/EQS values are considered, secondly the calculation of the concentration rise based on the concentrations upstream and downstream of the discharge. Hence, site-specific analyses are more reliable and essential than uniform limits which could restrain livestock practices or overestimate the actual impact of point sources such as constructed wetlands. The current study supports this approach since it determined the water quality and surface flow of the receiving water together with the impact of the effluent from the CW, considering the importance of local environmental conditions. To this end, overinvesting and oversizing of constructed wetlands could be avoided and more relevant thresholds could be set.
